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Outline

Air quality information landscape and processes
Mediated peer-to-peer DataFed architecture
Web Services-based distributed applications
Examples
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Air Quality Management Process:
Setting Goals, Monitoring, Assessment, Control

Monitoringcollects multisensory data from surface
and satellite platforms and

Assessment
Fet Goals > Compare to Goals
NAAQS Plan Reductions

Track Progress

Controls Ny, e . o RS
(Actions) N 2 e - .
Assessment turns data into knowledge for decision : o

& actions through analysis (science &
engineering)

The adoptive AQ management requires and agile supporting info system
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Data Acquisition and Usage Activities

Data Acquisition Usage Activities

i

e The data life cycle consists of the acquisition and the usage parts

e The acquisition part processes the sensory data by firmly linked procedures
e The collected and cleaned data are stored in the repository

e The usage activities are more iterative, dynamic procedures

eThe usage cycle transform data into knowledge for decision making

The analysis focuses on data usage activities and presumes repositori€s, r..son

o] B
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Information Landscape: Providers
Geography, Content, Agency, Form

Internet

o
)
@

overs

e Data are distributed geographically by autonomous providers

e Data includes emissions, ambient data, satellite data and model output
e Data are provided by multiple agencies: EPA, NOAA, NASA and others

e Furthermore, data are provided in varied formats and access protocols

e Data on Internet are geography-independent and can be ‘linearized’
NASA Earth-Sun System Technology Conf, UMD, Jun 05
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Information Landscape: Users
Types, Agency, Info Needs

Internet

e Users are distributed geographically

e Users includes policy makers, the public, AQ managers and

e Users are affiliated with multiple agencies: EPA, NOAA, N@?Egiﬂell as others

e Furthermore, users need various types of information provided in multiple formatg ...

e Users are also on the Internet, their geographic location is irrelevant
NASA Earth-Sun System Technology Conf, UMD, Jun 05




Information Landscape: Info System

Data Access, Processing and Products

Providers

EPA
AIR No

EPA R&D
Model

e The info system should transform the data into info products for each user

ReaSON
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DataFed Multidimensional Data Model
4 D Geo-Environmental Data Cube (X, Y, Z, T)

ES data have physical dimension coordinates X, Y, Z, T (Lat, Lon, Elev., Time)

Data exploration and analysis can start by slicing the 4D data cubes

Common Views (slices) through 4D Data Space

:Elevation, z
§ XY MAP: Z.T fixed Time Chart: X,Y,Z fixed Vertical Profile Trend:
; . . J
Q
o
@
>
Latitude, Y
Longitude, X
Time
f ' T Vertical Profile:XYT fixed
Vertical Cross sect: YT fixed Vertical Cross sect: XT fixed
= T £ o
o Rl
[ [
T T 2
N N
Variable
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The '‘Decision Support System’

(after Taylor,

1987)
Organizing . Analyzing | Judging . | Deciding
. Grouping | . Separating | | Options . Matching goals,
Classifying . Evaluating | i Quality .+ Compromising
Formatting | | Interpreting | . Advantages ! :  Bargaining
_____ Displaying _ | . Synthesjzing | . Disadvantages | |  Deciding
Data Information Informing Productive Action
Knowledge Knowledge
Examples: CIRA VIEWS Langley IDEA WG Summary Rpt AQ Manager

* Processing of AQ data into ‘productive’ knowledge occurs through a value-chain

« Currently, much of the decision support is done by human analysts and advisers
« Information technologies could automate the Data-to-Information transformation
« This would liberate more resources for Analyzing and Judging activities

« More productive or ‘actionable’ knowledge would lead to better decision making

ReaSON
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Mediator-Based Integration Architecture
(Wiederhold, 1992)

« Heterogeneous sources are wrapped by translating local to global language
« Mediators (web services) obtain data from wrappers or other mediators
« Mediators provide an answer to a user query in form of views (Uliman, 1997)

|
|Elevation, Z

QU.GI'y by ViGWS Data Model:

. Geo-Spatio-
User Query  View Temporal
Semantics -4l
l , ﬂ Latitude, Y
Se erce I Longitude, X .

Mediator

é‘tanoiards

Web Sarulee Layer | Description
Services Semantics | Meaning WSDL ext., Policy, RDF
Dat T h WSDL
Wrapper ata ypes Schema, WS
Protocol Communication SOAP, WS-* ext.

Syntax Data format XML
Transport Addressing, Data flow | HTTP, SMTP
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Anatomy of a Wrapper Service: TOMS Satellite Image Data

The daily TOMS images reside on the FTP archive, e.g.
ftp://toms.gsfc.nasa.gov/pub/eptoms/images/aerosol/y2000/ea000820.gif

URL template: ftp://toms.gsfc.nasa.gov/pub/eptoms/images/aerosol/ylyyyyl/ealyy] [mm] [dd].gif

Image Description
for Data Access:

src_lon _min

an August 20, 2000
src_lat gnas

src_margin_top

src image width=502
src _image height=329

src margin bottom=105
src margin left=69
src margin right=69
src margin top=46

src lat min=-70
src lat max=70

src lon min=-180
src lon max=180

Transparent colors
for overlays

RGB(89,140,255)
RGB (41,117, 41)
(
(

src lon max
il RGB (23,23,23)

RGB(0,0,0)

JC margin bottom
Fllght Center

22 27 3z 37
Aerpsol Index

e Given the URL template and the image description, the wrapper service accesses the
image for specified day and spatial subset by HTTP Get SOAP protocol:

e Wrapper classes are available for geo-spatial data (incl. satellite), images, SQL servers,

text files,etc. ReaSON
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Information Landscape: Info System

Data Access, Processing and Products

Uniform Data Processing Info Products
Access Web Service Chain Reports, Websites

SciFlo

- - Forecastin

9

Providers

EPA
ATIR No
EPA R&D

Model

- DataFed ;
Complianc

L]
— ©
Sci.

Custom Processing Reports

%"W\%@ Other

e The info system transforms the data into info products for each user
e In the first stage the heterogeneous data are prepared for uniform access
e The second stage performs filtering, aggregation, fusion and other operations

e The third stage prepares and delivers the needed info products
ITR. ReaSON
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Integrated Data System for Air Quality-IDAQ

Providers Federate Data Understand Info Needs

Emission
Surface Satellite

Single Datasets ‘
Structuring
AQ Compliance
What? g Nowcast/Forecast

I ; s
N s
. ‘aria E : ]

Data Providers Non-intrusive Linking & Mediation Data Users

e The info system infrastructure needs to facilitate the creation of info products

e Providers supply the ‘raw material’ (data and models) for ‘refined’ info products

e The challenge is to design a general supportive infrastructure

e Simply connecting the relevant provides and users for each info product is messy

e Structuring the heterogeneous data into where-when-what ‘cubes’ simplifies the mess
e The ‘cubed’ data can be accessed and explored by slicing-dicing tools

e More elaborate data integration and fusion can be done by web service chaining

e This infrastructure support for IDAQ can be provided by the ESIP Federation




Data Flow & Processing in AQ Management

Primary Data
Diverse Providers

Data ‘Refining’ Processes
Filtering, Aggregation, Fusion

AQ DATA

EPA Networks
IMPROVE Visibility
Satellite-PM
Pattern

METEOROLOGY

Met. Data
Satellite-Transport
Forecast model

EMISSIONS

National Emissions
Local Inventory
Satellite Fire Locs
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|
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AQ Management Reports

‘Knowledge’ Derived from Data

Network Assess.

Exposure Assess.

Tracking Progress
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DataFed Description

DataFed Goals
Facilitate the access and flow of atmospheric data from provider to users
Support the development of user-driven processing value chains
Participate in specific application projects

Approach: Mediation Between Users and Data Providers
DataFed assumes spontaneous, autonomous emergence of AQ data (a /a Internet)
Non-intrusively wraps datasets for access by web services
WS-based mediators provide homogeneous data views e.g. geo-spatial, time...
End-user programming of data access and processing through WS composition (limited)

Applications
Building browsers and analysis tools for distributed monitoring data
Serve as data gateway for user programs; web pages, GIS, science tools
DataFed is currently focused on the mediation of air quality data

ITR ReaSON
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Generic Data Flow and Processing in

View Abstract Process Portrayal/
Wrapper Data Access Data Render
Physical Abstract Data Pr(l))cesse d Poi")traye d
Data Data ata ata
DataView 1
.

DataView 2

8_

DataView 3

Physical Data Abstract Data Processed Data View Data
Resides in autonomous Abstract data slices are Data passed through Processed data are
servers, accessed by view- requested by viewers; filtering, aggregation, delivered to the user as

specific wrappers which yield uniform data are delivered fusion and other web multi-layer views by
abstract data ‘slices’ by wrapper services services portrayal and overlay web
services

ReaSON

NASA Earth-Sun System Technology Conf, UMD, Jun 05




Composition of
Data Views from
Distributed Data

and Web Services

LAYERS

NASA SeaWiFS Satellite

RPO VIEWS Chemistry

NOAA ATAD Trajectory

OGC Map Boundary

Data
Access

AccessRender

52

T

SeaWiFS Refelctance, IMPROVE Organics, ATAD Trajectory, OGC Boundary

Processing

ws_1
dataset_abbr. SEAW_US

4

Overlay

Web Service Composition

GetDataMuttiFiter
Wws_data
dataset_abhr. YIEAS_OL

TimeAgaregate
WS _agy
dataset_abhr: VIEAS_OL

ToMapPaint
Wws_to_map_point

Render

WS _tender

AccessRender

ws_3
dataset_abhr: ATADY

GetOgcWinsimagePenBrush
ws_2
dataset_abhr: MAPS




Service Flow Program for a VIEW

<ServiceFlow>
<View>
<MaplmageMargin ref="ws_margins" />

<Annotatelmage ref="ws_title" icon_textv- Y iMe¥ execute="true" />
<StockAnnotation ref="DATAFED" /> Itew
<StockAnnotation ref="CIRA" />
<Annotatelmage ref="ws_cursor_annotation" icon_text="C" label="Cursor" execute="true" />
</View>
<Layerscurrent="Traj_Grid" order="Traj_Grid Traj_Point Traj_Line Maplmage_1">
<Layerid="Traj_Line" dataset_abbr="}IEWS_OL" visible="false" visibility="1" click target="true">
<DataMapTimePoint ref="ws_data'1&i = € Oa />
<DataMapTrajectory ref="ws_traj_r ay/ alse" icon_text="TR" />
<Annotatelmage ref="ws_network legend" icOn_text="N" label="Network Legend" execute="true" execute_always="true" />
</Layer>
<Layerid="Traj_Point" dataset_abbr="VIEWS_OL" visible="true" visibility="1" click target="true">
<DataMapPoint ref="ws_point_data" sE_dataf'false" />

o}
<DataMapPoint ref="ws_store_cursor Iua er
<RenderMapPoint ref="ws_point_rend Sk G (& 'Mlabel="point rendering" />

<MapParamLocationAccessRender ref="ws loc" execute_always="true" />
<RenderLegend ref="ws_pntleg" icon_text="L" label="Point Legend" execute="true" execute_always="true" />
</Layer>

Layer

<Layer id="Maplmage_ 1" dataset_abbr="MaEage" visible="true" visibility="1">
ifhag

<MaplmageAccessRender ref="ws_map ayer TR ReaSON
ea

</Layer>
</Layers> =
Y NASA

</SenviceFlow> NASA Earth-Sun System Technology Conf, UMD, Jun 05




WS-Based Application Program Design

Controls

oo
1

DataSets I S i
» App State Y
> U 'z ”
: A
> g Hj FIowIntirpl'eter | 71 e ;
L B \ '> =
Core
1/0 Layer , WSDL

‘(ﬁﬁ

Web Services

The web-program consists of a stable core and adoptive input/output layers
The core maintains the state and executes the data selection, access and render services

The adoptive, abstract I/O layers connects the core to evolving web data, flexible displays and to the
a configurable user interface: ITR ReaSON
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DataFed Tools for Episode Analysis

A voyager Web Services - Microsoft Internet Explorer

File Edit View Favorites Tools Help ‘“
GBack ~ = - @) (2] A} | Qsearch [(EjFavorites PMedia B | BN S o] [H] AL

Address [@&) http:/{webapps.datafed.net/dvoy_services/datafed.aspx?dataset_abbr=AIRNOW&datetime= ¥ |

_I CETETNENEYl || prfine: Particulate Matter 2.5 «
AIRNOW _pnt ¥ Location: 271713201:5t. Michael =~

DATAFED Time: [V]2005-01-31T08:00:00 g] eriodicity
<

Rl 2 (@ (2 [l @J[a][r [Jla][a](r §{x][o][x][o][x][o]
AIRNOW Data-Not Official!

52—
50

48
6
44
42
40
38
36
34
32

30
28}
261 & .
24 30 425 120 118 110 -105 -100 ©5 90 86 80 75 70
Data Provider: US EPA Delivery: DataFed Ne

= @:l---t@ma[@@@[@@mmmﬁ

100

Delivery: Datal

[&) [ | e mternet =

Viewer: General purpose spatio-
temporal data browser and view editor
applicable for all DataFed datasets

Data Catalog
Data Browser
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Consoles: Data from diverse sources
are displayed to create a rich context
for exploration and analysis

ITR. ReaSON
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CATT

J K o @ Lo ol e S
Cormbined Asrasol Trajeclory Tool (CATT) et e 1 v ey wombined Asrosol Trajectory Tool {CATT] s 1 £3 ot
| I —r— * Esanitarng Sertmorh | - - Ly MHlueth,

- .": - e

i ".‘. Ty u
R i

b1 H
A \h % Al

Combined Aerosol
Trajectory Tool
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Air and Waste Management Association Professional Development Course

AIR-257: Satellite Detection of Aerosols

g

Instructor:

Rudolf Husar, Ph.D. Professor of Mechanical Engineering
Washington University, St. Louis, MO

October 25,2004,9:00 a.m.- 12:00 p.m. Asheville, NC
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Fire Pixels from MODIS (UMD), June 25-July 6, 2002

Address I’-G;I] http: jffiremaps, geog. umd. edufGlobalFires _HTML fvieswer bt

Wi
@f:% Global Web Fire Maps -;Egg’
=
Al —
<o Manitoba — Sask. Fires
T - = o <
:% | e S ol ;'-:.
o w a0 .-‘ ."!'
ﬂé S S Aé‘ .
= o NN .
ELY
=]

Date Query
Enter the dates in

#—‘? Y¥YYY-MM-D0 format.
- Start Date Izunz—na—zrs
ot % 2,
SR End Date IEUUE-D?-B
’ﬁ:&:&% ]
Pty B =— Z: Nz

Several satellite sensor (MODIS, GOES, AVHRR, ATSR.....) detect the location of most fires - DAILY
These ‘fire pixels’ can be used as sensor-based inputs to regional/global models, e.g. NAAPS
However, the quantity of smoke emitted from the from the ‘fire pixels’ can not be estimated wellgr ~ reason

Hence, real-time model simulation of smoke transport is limited by the smoke emission estim
SF A\,}A
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SeaWiFS &
ASOS & TOMS

SeaWiFS & TOMS

e SeaWiFS & ASOS
Yellow circles

proportional to
ASOS Bext

« SeaWiFS & TOMS
absorbing aerosol
index.

* Notes: Yellow color
(absorbing in blue?);
no TOMS for fresh
smoke




TOMS: The
Big Picture

Absorbing Aerosol
Index

July 5: The near-source, low
level smoke is not
detected by TOMS

July 6-7: Smoke plume signal is
very intense over S. Ontario
and NE US.

July 8-9: Transport to the Atlantic.
Where will the smoke reach Europe?

How intense, will it be detectable?
Would anyone run Hysplit, ATAD?

ITR ReaSON
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July 10: Quebec

smoke over Mid-
Atlantic

Trans-Atlantic 'SeiReﬂec'
Transport of
Quebec Smoke

July 11: Smoke approaching Europe

Voyager Data Explorer

. SeaWiF$ Reflectances,,.
i

TOMS, Absopbing Aerosol

it

15%
50%
25%

0%
point data

help

[T SEAW GiobRefiect
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Summary

Web Services in Practice:
Access to distributed, heterogeneous data
Process chaining is practical
We have replaced the data analysis tools with WS versions
However, we are still not interoperable with other WS -shops

The Future: Loosely Coupled Info Systems

Seamless Data Access:

— Data ‘Wrappers’
— Standard protocols (OGC, OpenDAP...)

Seamless Service Linking:
— Services Adapters
— Standard protocols

ITR ReaSON
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The Future:
Value-Added Processing in Service Oriented Architecture

Data, services and users are distributed throughout the network

Users compose data processing chains form reusable services

Intermediate data are also exposed for possible further use

Chains can be linked to form compound value-adding processes

Service chain representation

Peer-to-peer network representation

_____

_____

User Carries less Burden

In service-oriented peer-to peer
architecture, the user is aided by software
‘agents’

Control--»

Data =

ReaSON

Catalogs
User Tasks: I (]
Find data and services [ ]
Compose service D |:|
chains [ ]
Expose output @
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